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(57) ABSTRACT

A control section controls a switch to a charge period so as
to charge a voltage-increasing capacitor at a start up. Then,
the control section controls the switch to a voltage-
increasing period so as to increase a voltage by a voltage-
increasing capacitor and charges the output capacitor. The
switching section alternately switches the charge period and
the voltage-increasing period so that the charged voltage of
the output capacitor, 1.€., the output voltage 1s always
stabilized within a range of the output voltage in a steady
state. Here, a soft start circuit controls the switching section
to carry out the switching operation so that the charged

voltage always becomes not more than the output voltage 1n
the steady state at the start-up.
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1
STABILIZED POWER UNIT

FIELD OF THE INVENTION

The present invention relates to a switched-capacitor-type
stabilized power unait.

BACKGROUND OF THE INVENTION

FIG. 19 shows a structure of a switched-capacitor-type
stabilized power unit 101 for obtaining an output voltage
twice as much as an 1mnput voltage. The stabilized power unit
101 1s structured so as to include an integrated portion 1014,
and a voltage-increasing capacitor C101, an input capacitor
C102, an output capacitor C103, and voltage-dividing resis-
tors R101 and R102 provided outside the integrated portion
101a. The integrated portion 101a 1s provided with switches
S101, S102, S103, S104, a control section 111, a comparator
112, and a reference voltage source 113. Further, the inte-
ograted portion 101a 1s provided with an output terminal
T101 outputting an output voltage V_, an input terminal
1102 to which an input voltage V. 1s inputted from a power
source such as a battery, a feedback terminal T103 for the
output voltage V_, a GND terminal T104, a capacitor
connection terminal T105 to which an electrode C- having
a lower potential of the voltage-increasing capacitor C101 1s
connected, and a capacitor connection terminal T106 to
which an electrode C+ having a higher potential of the
voltage-increasing capacitor C101 1s connected.

In the stabilized power unit 101, a switched capacitor
section 1s structured by the switches S101, S102, S103,
S104, and the voltage-increasing capacitor C101. The con-

trol section 111 controls switching operation of the switches
S101, S102, S103, S104 1n the switched capacitor section.

When the control section 111 controls the switches S101 and
S103 to be ON and the switches S102 and $S104 to be OFF,
and the input voltage V. 1s applied to the imput terminal
1102 via the mput capacitor C102, the voltage-increasing
capacitor C101 1s charged. Next, when the control section
111 controls the switches S101 and S103 to be OFF and the
switches S102 and S104 to be ON, the respective potentials
of the electrodes of the voltage-increasing capacitor C101
increase by the potential of the mnput terminal T102. The
voltage increased by such an operation 1s outputted as the
output voltage V_ via the output capacitor C103.

The output voltage V _ 1s detected by the voltage-dividing
resistors R101 and R102, and a voltage V., 101 at a point
connecting the voltage-dividing resistors R101 and R102 i1s
inputted to a non-reversal input terminal of the comparator
112. The comparator 112 compares the voltage V101 with
a reference voltage V, 01 generated by the reference
power source 113 and inputted to a reversal input terminal.
When the voltage V,101 reaches the reference voltage
V__A01, the comparator 112 outputs a signal to the control
section 111 so as to stop the switching operation of the
switches S101, S102, S103, 5104. The comparator 112 1s a
comparator having a hysteresis function, and when the
switching operation 1s stopped and the output voltage V_
decreases, that 1s, the voltage V. 101 decreases, the com-
parator 112 outputs a signal to the control section 111 so as
fo resume the switching operation of the switches S101,
S102, S103, S104. By repeating the foregoing operation, the
stabilized power unit 101 stabilizes the output voltage V.

FIG. 20 shows a time chart on the operation of stabilizing,
the output voltage V_ 1n the stabilized power unit 101. At
time t,, the switches S101 and S103 are ON and the switches
S102 and 5104 are OFF, and the mput voltage V, 1s started
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to be applied, the voltage-increasing capacitor C101
becomes charged, and the potential of the electrode C+ of

the voltage-increasing capacitor C101 becomes V,, . Next, at
time t,, the switches S101 and S103 are OFF and the

switches S102 and S104 are ON, and the potential of the
clectrode C+ of the voltage-increasing capacitor C101
becomes 2V, , a charge to the output capacitor C103 1s
started, and the output voltage V_ comes to be increased. At
time t,, the respective switches are in the conditions 1den-
tical to those at the time t,, and the potential of the electrode
C+ of the voltage-increasing capacitor C101 becomes V,,
again. At time t;, the respective switches are in the condi-
tions 1dentical to those at the time t,, and the potential of the
clectrode C+ of the wvoltage-increasing capacitor C101
becomes 2V, and the output capacitor C103 becomes
charged. In a period from the time t, to the time t,, since an
output current flows from the stabilized power unit 101 to a
load, a discharge from the output capacitor C103 1s carried

out, and the output voltage V_ 1s decreased.

The output voltage V_ 1s increased by repeating such a
charge and a discharge to and from the output capacitor
C103 1n a predetermined duty. When the output voltage V_
reaches a predetermined threshold level COMI, that is,
when the voltage V101 at the point connecting the voltage-
dividing resistors R101 and R102 reaches the reference
voltage V__ 101, the comparator 112 outputs a signal for
stopping the switching operation to the control section 111.
Suppose that this occurs at time t,, the switches S101 and
S103 are ON and the switches S102 and S104 are OFF at the
time t,, and the condition 1s maintained. After the time t,, the
output voltage V_ continues to be decreased until 1t declines
to a predetermined threshold level COM2, where the com-
parator 112 outputs a signal for starting the switching

operation to the control section 111. Suppose that this occurs
at time t _, the switches S101 and S103 are OFF and the
switches S102 and S104 are ON at the time t_, and the

switching operation 1s started. In such a manner, the stabi-
lized power unit 101 shifts from start-up state to steady state.

However, in the foregoing conventional stabilized power
unit 101, when the output voltage V _ increases very steeply,
there 1s a possibility that the output voltage V_ might
overshoot and some load connected to the stabilized power
unit 101 might fail to function properly.

SUMMARY OF THE INVENTION

It 1s therefore an object of the present invention to provide
a switched-capacitor-type stabilized power unit which can
prevent an overshoot of an output voltage at start-up, 1n a
structure having an output capacitor which outputs a charged
voltage obtained through a plurality of charges by switching
operation utilizing a voltage-increasing potential of a
voltage-increasing capacitor at the start-up, as the output
voltage.

To achieve the foregoing object, a stabilized power unit of
the present invention 1s a switched-capacitor-type stabilized
power unit structured so as to imclude:

an voltage-increasing capacitor which 1s charged based on
an 1nput voltage and whose voltage 1s increased after
being charged;

switching section for carrying out switching operation to
alternately switch a charge period and a voltage-
increasing period of the voltage-increasing capacitor;
and

an output capacitor which outputs a charged voltage
obtained by being charged utilizing a voltage-
increasing potential of the voltage-increasing capacitor
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in the voltage-increasing period, as an output voltage,
and stabilizes the charged voltage within a range of the
output voltage 1n steady state through a plurality of the
voltage-increasing periods after a start-up 1s started,

wherein the stabilized power unit includes soft start
means for controlling the switching section to carry out
the switching operation so that the charged voltage
always becomes not more than the output voltage 1n the
steady state, at the start-up from when the start-up 1is
started until when the charged voltage 1s stabilized

within the range of the output voltage in the steady
state.

According to the foregoing mnvention, at the start-up, the
soft start means controls the switching section to carry out
the switching operation so that the charged voltage of the
output capacitor always becomes not more than the output
voltage 1n the steady state. With this structure, the charged
voltage of the output capacitor becomes stabilized within the

range of the output voltage 1n the steady state, without
having an overshoot until the completion of the start-up.
Consequently, 1t becomes possible to provide a switched-
capacitor-type stabilized power unit which can prevent an
overshoot of the output voltage at the start-up, m the
structure having the output capacitor which outputs the
charged voltage obtained through a plurality of charges by
the switching operation utilizing a voltage-increasing poten-
fial of the voltage-increasing capacitor, as an output voltage.

Additional objects, features, and strengths of the present
invention will be made clear by the description below.
Further, the advantages of the present invention will be
evident from the following explanation in reference to the
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a structure of a
stabilized power unit in accordance with an embodiment of
the present invention.

FIG. 2 1s a circuit block diagram showing a more specific
structure of the stabilized power unit shown in FIG. 1 1n
accordance with Example 1.

FIG. 3 1s a circuit block diagram showing a structure of
a duty adjustment circuit of the stabilized power unit shown

in FIG. 2.

FIG. 4 1s a time chart showing an operation of the
stabilized power unit provided with the duty adjustment
circuit shown 1n FIG. 3.

FIG. § 1s a circuit block diagram showing another struc-
ture of the duty adjustment circuit of the stabilized power
unit shown m FIG. 2.

FIG. 6 1s a time chart showing an operation of the
stabilized power unit provided with the duty adjustment
circuit shown in FIG. §.

FIG. 7 1s a circuit block diagram showing a more specific
structure of the stabilized power unit shown 1n FIG. 1 1n
accordance with Example 2.

FIG. 8 1s a circuit block diagram showing a structure of
an oscillation frequency adjustment circuit of the stabilized
power unit shown i FIG. 7.

FIG. 9 1s a time chart showing an operation of the
stabilized power unit provided with the oscillation frequency
adjustment circuit shown 1 FIG. 8.

FIG. 10 1s a circuit block diagram showing another
structure of the oscillation frequency adjustment circuit of
the stabilized power unit shown in FIG. 7.

FIG. 11 1s a circuit block diagram showing a more specific
structure of the stabilized power unit shown 1n FIG. 1 1n
accordance with Example 3.
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FIG. 12 1s a circuit block diagram showing a structure of
a gate voltage adjustment circuit of the stabilized power unit

shown 1n FIG. 11.

FIG. 13 1s a time chart showing an operation of the
stabilized power unit provided with the gate voltage adjust-
ment circuit shown 1n FIG. 12.

FIG. 14 1s a circuit block diagram showing another
structure of the gate voltage adjustment circuit of the stabi-
lized power unit shown i FIG. 11.

FIG. 15 1s a time chart showing an operation of the
stabilized power unit provided with the gate voltage adjust-
ment circuit shown 1n FIG. 14.

FIG. 16 1s a circuit block diagram showing a more specific
structure of the stabilized power unit shown in FIG. 1 1n
accordance with Example 4.

FIG. 17 1s a circuit block diagram showing a structure of
a reference voltage adjustment circuit of the stabilized
power unit shown 1n FIG. 16.

FIG. 18 1s a time chart showing an operation of the
stabilized power umit provided with the reference voltage
adjustment circuit shown 1 FIG. 17.

FIG. 19 1s a circuit block diagram showing a structure of
a conventional stabilized power unit.

FIG. 20 1s a time chart showing an operation of the
stabilized power unit shown 1n FIG. 19.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 1 through 18, the following descrip-
tion will explain one embodiment of a stabilized power unit
of the present invention.

FIG. 1 shows a structure of a stabilized power unit 1 1n
accordance with the present embodiment. The stabilized
power unit 1 1s a switched-capacitor-type stabilized power
unit, and 1s structured so as to include an mtegrated portion
1a, and a voltage-increasing capacitor C1, an input capacitor
C2, an output capacitor C3, and voltage-dividing resistors
R1 and R2 connected outside the imtegrated portion 1la.

The integrated portion la 1s provided with an output
terminal T1 outputting an output voltage V_ applied to a
load, an mput terminal T2 to which an nput voltage V, 1s
inputted from a power source, a feedback terminal T3 to
which a detected value of the output voltage V_ 1s mputted,
a GND terminal T4, and a capacitor connection terminals T3
and T6 to which the voltage-increasing capacitor C1 1s
connected, all of which are lead pin terminals.

Outside the mtegrated portion 1a, an electrode C- having
a lower potential of the voltage-increasing capacitor C1 1s
connected to the capacitor connection terminal TS, and an
clectrode C+ having a higher potential of the voltage-
increasing capacitor C1 1s connected to the capacitor con-
nection terminal T6. The input capacitor C2 1s connected
between the 1nput terminal T2 and a GND line. The output
capacitor C3 1s connected between the output terminal T1
and a GND line. The voltage-dividing resistors R1 and R2
are connected 1n series between the output terminal T1 and
a GND line, with the voltage-dividing resistor R1 provided
on the side of the output terminal T1. Besides, a connecting
point between the voltage-dividing resistors R1 and R2 1s
connected to the feedback terminal T3. The GND terminal
T4 1s connected to a GND line outside the integrated portion

la.

The voltage-increasing capacitor C1 1s a capacitor which
1s charged 1n accordance with the mput voltage V. , and

1¥1?

whose voltage 1s increased after the charge. The input
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capacitor C2 1s a capacitor which 1s charged by a power
source provided outside the stabilized power unit 1 and
applies the mnput voltage V. to the mput terminal T2. The
output capacitor C3 1s a capacitor outputting the output
voltage V_ obtained by a charge utilizing a voltage-
increasing potential 1in the voltage-increasing capacitor C1,
specifically, the output voltage V_ obtained by the charge in
accordance with a potential difference between the voltage-
increasing potential at the electrode C+ and a GND potential
in a structure in which the output capacitor C3 1s connected
in parallel with a circuit including the voltage-increasing
capacitor C1 and the input capacitor C2 which are connected
in series, via the output terminal T1. However, while the
output capacitor C3 1s being charged, the mnput voltage V.
continues to be applied to the input capacitor C2. The
voltage-dividing resistors R1 and R2 constitute a voltage-
dividing circuit for the output voltage V_, and the divided
voltage of the output voltage V_ at the connecting point
between the voltage-dividing resistors R1 and R2, that 1s, the
detected value, 1s mputted to the feedback terminal T3 as a
feedback voltage V1.

In the integrated portion 1a, on a path between the output
terminal T1 and the mput terminal T2, switches S1 and S2
for connecting or cutting off the path are provided 1n series,
with the switch S2 provided on the side of the output
terminal T1. Besides, on a path between the mput terminal
T2 and a GND line inside the integrated portion 1a, switches
S3 and S4 for connecting or cutting off the path are provided
in series, with the switch S4 provided on the side of the input
terminal T2. Further, a connecting point between the switch
S1 and the switch S2 1s connected to the capacitor connec-
tion terminal T6, and a connecting point between the switch
S3 and the switch S4 1s connected to the capacitor connec-
tion terminal TS, respectively. A switched capacitor section
1s constituted by the switches S1, S2, S3, S4 and the
capacitor C1.

In addition, a control section 2 1s provided for controlling
ON state (connected state) and OFF state (cut-off state) of
the switches S1, S2, S3, S4. The control section 2 outputs a
signal a which makes the switches S1 and S3 ON or OFF
simultaneously, and outputs a signal b which makes the
switches S2 and S4 ON or OFF simultancously. With this
arrangement, the switches S1, S2, S3, S4 carry out switching
operation for switching the ON state and the OFF state.

The switching operation alternately switches a charge
pertod 1 which the switches S1 and S3 are ON and the
switches S2 and S4 are OFF, and the voltage-increasing
capacitor C1 1s charged by the application of the input
voltage V, , and a voltage-increasing period i which the
switches S1 and S3 are OFF and the switches S2 and S4 are
ON, and a voltage 1s increased 1n the voltage-increasing
capacitor C1 and a charge from the voltage-increasing
capacitor C1 to the output capacitor C3 1s carried out. In the
charge period, the voltage of the voltage-increasing capaci-
tor C1 1s determined by the input voltage V. and the length
of the charge period. In the voltage-increasing period, the
potential of the electrode C- of the voltage-increasing
capacitor C1 1ncreases from a GND potential to a potential
of the mput terminal T2, the potential of the electrode C+
increases by the potential increase at the electrode C-, and
thus the voltage 1s increased. In the voltage-increasing
pertod 1n steady state, the potential of the electrode C+
becomes 2V, . Consequently, the output capacitor C3 is
charged 1n accordance with the application of the voltage
2V. . The output capacitor C3 outputs a charged voltage
obtained by being charged by the voltage-increasing capaci-
tor C1, as the output voltage V_.
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Further, a comparator 3 1s provided so as to 1nput a signal
¢ for determining timing to start or stop the switching
operation of the switches S1, S2, S3, S4, to the control
section 2. A non-reversal input terminal of the comparator 3
1s connected to the feedback terminal T3, and a reversal
input terminal of the comparator 3 1s connected to a DC
voltage source 4 provided so as to generate and input a
reference voltage V1. The comparator 3 has a hysteresis
function, and compares the feedback voltage Vg, 1 mputted
from the voltage-dividing resistors R1 and R2 to the non-
reversal input terminal via the feedback terminal T3, with
the reference voltage V, A inputted to the reversal input
terminal. When the feedback voltage Vg1 reaches the ret-
erence voltage V1, the comparator 3 outputs the signal c
which gives an instruction to stop the switching operation of
the switches S1, S2, S3, S4, to the control section 2. When
the teedback voltage Vg1 decreases by a predetermined
value than the reference voltage V 1, the comparator 3
outputs the signal ¢ which gives an instruction to start the
switching operation of the switches S1, S2, 83, S4, to the
control section 2. The foregoing predetermined value may
be constant during the operation of the stabilized power unit
1, or may vary at the respective points.

Before the start-up of the stabilized power unit 1, the
switches S1, S2, S3, S4 are all OFF under the control of the
control section 2. When the start-up 1s started, the control
section 2 controls so that the switches S1 and S3 become ON
and the switches S2 and S4 become OFF, and the switching,
operation 1s started from the charge period. Then, by the
switching operation of the switches S1, S2, 83, S4 after the
start of the start-up, the charged voltage of the output
capacitor C3 comes to be stabilized within a range of the
output voltage V_ 1n steady state after a plurality of the
voltage-increasing periods, regardless of whether the
switching operation 1s stopped by the comparator 3 or not.
The switches S1, S2, S3, S4, the control section 2, the
comparator 3, the DC voltage source 4, and the voltage-
dividing resistors R1 and R2 constitute a switching section
5 as shown 1n FIG. 1, and the switching section § serves as
switching means for carrying out the switching operation
alternately switching the charge period and the voltage-
increasing period of the voltage-increasing capacitor C1.

The integrated portion 1a 1s further provided with a soft
start circuit 6. The soft start circuit 6 serves as soft start
means for controlling the switching section 5 to carry out the
switching operation so that, at the start-up from when the
start-up 1s started until when the charged voltage of the
output capacitor C3 1s stabilized within the range of the
output voltage V_ 1n steady state, the charged voltage of the
output capacitor C3 always becomes not more than the
output voltage V.

Up to this point, the structure of the mtegrated portion 1a
has been described.

Next, the following description will explain the operation
of the stabilized power unit 1 of the foregoing structure.
First, when the mput voltage V. 1s inputted to the input
terminal T2 via the mput capacitor C2 and the start-up is
started, the signal a outputted from the control section 2
makes the switches S1 and S3 ON, and the signal b outputted
from the control section 2 makes the switches S2 and S4
OFF. With this arrangement, the charge period 1s started, and
the voltage-increasing capacitor C1 becomes charged. Next,
the signal a outputted from the control section 2 makes the
switches S1 and S3 OFF, and the signal b outputted from the
control section 2 makes the switches S2 and S4 ON, which
switches the charge period to the voltage-increasing period
in which the voltage 1s increased in the voltage-increasing
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capacitor C1, the output capacitor C3 becomes charged, and
the output voltage V_ 1s applied to the load. Afterwards, by
alternately switching the charge period and the voltage-
increasing period, the charged voltage of the output capaci-
tor C3, that 1s, the output voltage V_, becomes stabilized at
the output voltage V _ 1n steady state. Here, under the control
by the soft start circuit 6, the switching section S carries out
the switching operation at the start-up so that the charged
voltage of the output capacitor C3 always becomes not more
than the output voltage V  in steady state, so as to realize
soft start.

Besides, after the start-up 1s started, the output voltage V
1s detected by the voltage-dividing resistors R1 and R2, and
the feedback voltage V.1 at the connecting point between
the voltage-dividing resistors R1 and R2 is inputted as the
detected value to the non-reversal input terminal of the
comparator 3 via the feedback terminal T3. The comparator
3 compares the feedback voltage Vg1 with the reference
voltage V, . of the DC voltage source 4. When the start-up
1s started, the feedback voltage V.1 1s lower than the
reference voltage V, 1 by a predetermined value, and the
comparator 3 outputs the signal ¢ which gives an instruction
to start the switching operation to the control section 2, and
thus the switching section 5 carries out the switching opera-
fion. As the output voltage V_ increases, the feedback
voltage Vg, 1 increases and reaches the reference voltage
V__A, then the comparator 3 outputs the signal ¢ which gives
an instruction to stop the switching operation to the control
section 2, and thus the switching section 5 stops the switch-
Ing operation.

After the switching operation 1s stopped, the output volt-
age V_ decreases due to power supply to the load, and when
the feedback voltage V.1 becomes lower than the reterence
voltage V, . by a predetermined value, the comparator 3
outputs the signal ¢ which gives an instruction to start the
switching operation to the control section 2, and the switch-
Ing section S carries out the switching operation again. By
repeating the foregoing process, the output voltage V_ of the
stabilized power unit 1 comes to be stabilized.

As described above, according to the stabilized power
unit 1 1n accordance with the present embodiment, since the
soft start circuit 6 1s provided, the charged voltage of the
output capacitor C3 becomes stabilized within the range of
the output voltage V_ 1n steady state, without having an
overshoot until the completion of the start-up. Consequently,
the stabilized power unit 1 can prevent an overshoot of the
output voltage V_ at the start-up.

Next, the following examples will explain speciiic struc-
tures of the soft start circuit 6 1n detail.

EXAMPLE 1

FIG. 2 shows a stabilized power unit 11 1n which a duty
adjustment circuit 16 1s provided as the soft start circuit 6
shown 1n FIG. 1. Along with this, the integrated portion 1a
in FIG. 1 1s illustrated in FIG. 2 as an integrated portion 11a.
The duty adjustment circuit 16 1s operated by using the 1input
voltage V. 1nputted from the input terminal T2 as a source
voltage. Further, the reference voltage V__1 of the DC
voltage source 4 1s mnputted to the duty adjustment circuit 16,
and the duty adjustment circuit 16 outputs a control signal d
to the control section 2, using the reference voltage V, 1.
The control section 2 controls the switches S1, S2, 83, S4 to
carry out the switching operation so that there 1s a constant
cycle between the start of a charge period and the start of the
next charge period. When starting up the stabilized power
unit 11, the duty adjustment circuit 16 makes the control
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section 2 gradually increase a duty 1n the charge period 1n the
foregoing cycle, by the foregoing control signal d. Here, the
duty 1s gradually increased to a predetermined value, that is,
so that the charge period 1s gradually prolonged to a prede-
termined value, so as to prevent a rush current from flowing
into the voltage-increasing capacitor C1 at the start-up.
Since the rush current 1s prevented from flowing into the
voltage-increasing capacitor C1, the output capacitor C3 1s
oradually charged in the voltage-increasing period. This
structure can casily prevent an overshoot of the output

voltage V_ at the start-up.

FIG. 3 shows a structure of the duty adjustment circuit 16.
The duty adjustment circuit 16 in FIG. 3 1s a circuit provided
with a terminal T161 to which the mnput voltage V. 1s
inputted via the mput terminal T2, a terminal T162 to which
the reference voltage V__1 of the DC voltage source 4 1s
inputted, and a terminal T163 from which the control signal
d 1s outputted, and includes 1n its 1nside a constant current
source 11, a capacitor C,1, a Zener diode 16a, a PWM
comparator 165, and an oscillator 16¢. Incidentally, 1t may
be structured that a reference voltage V, 2 (having the same
value as the reference voltage V, A1) generated by another
DC voltage source 1s mnputted to the terminal 1162, instead
of the reference voltage V,_ 1.

The capacitor C_1 and the Zener diode 16a are connected
in parallel, and these are connected with the constant current
source I 1 in series. The constant current source 1 is
connected between the terminal T161 and a point pl, and the
capacitor C,1 and the Zener diode 16a are connected
between the point pl and GND lines, with a cathode of the
Zener diode 16a provided on the side of the point pl. The
PWM comparator 165 has two non-reversal input terminals
and one reversal mput terminal. One of the non-reversal
input terminals 1s connected to the point pl, the other
non-reversal mput terminal 1s connected to the terminal
1162, and the reversal mnput terminal 1s connected to one end
of the oscillator 16¢. The other end of the oscillator 16¢ 1s
connected to a GND line. Besides, an output terminal of the
PWM comparator 16b 1s connected to the terminal T163.

Upon start of the start-up of the stabilized power unit 11,
the constant current source Ipl generates a constant current
from the 1input voltage V, mputted from the terminal T161,
and flows the constant current to the point pl. The capacitor
C,1 1s charged by the flowing in of the constant current, and
a charge amount 1s increased with time. When the charged
voltage of the capacitor C,1 reaches Zener voltage of the
Zener diode 164, the capacitor C_1 1s not charged any more,
and the constant current flows via the Zener diode 16a. The
Zener voltage 1s set higher than the reference voltage V, 1.
With this structure, a voltage V 1 between the point pl and
a GND 1ncreases with time by the inclination of 1 1/C 1,
where 1,1 1s the constant current and C_1 1s a capacity of the
capacitor C,1, and 1s mputted to one of the non-reversal
input terminals of the PWM comparator 1656. When the
stabilized power unit 11 1s stopped, the constant current
source I 1 stops the generation of the constant current, the
capacitor C,1 gradually discharges via the Zener diode 164,
and the voltage V1 returns to an initial value (a GND
potential). In this manner, the constant current source 11
and the Zener diode 16a constitute charge amount changing,
means for increasing the charge amount of the capacitor C_1
with time at the start-up.

Besides, as shown 1n a time chart in FIG. 4, the oscillator
16¢c generates a triangular wave voltage V__ having a
predetermined frequency, and the PWM comparator 165
outputs the control signal d which gives an mstruction to set
a period 1n which the lower voltage of the two voltages, the
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voltage V1 and the reference voltage V, .1, 1s higher than
the triangular wave voltage V__  as the charge period, and a
per1od 1n which the lower voltage 1s lower than the triangular
wave voltage V__ as the voltage-increasing period, to the
control section 2. As shown 1n FIG. 4, when the voltage V 1
1s lower than the reference voltage V1, the period 1in which
the voltage V1 1s higher than the triangular wave voltage
V.. becomes longer with the mcrease of the voltage V 1.

50

Therefore, the charge period in which the switches S1 and
S3 are ON and the switches S2 and S4 are OFF 1s gradually
prolonged, and the foregoing duty 1s gradually increased. In
other words, soft start can be realized. Atter the voltage V 1
reaches the reference voltage V 1, the reference voltage
V,.A becomes lower than the voltage V 1, and the period in
which the reference voltage V, A is higher than the trian-
cgular wave voltage V__. 1s constant, therefore the charge
period and the voltage-increasing period become constant.
Consequently, by setting the pomt where the voltage V1
reaches the reference voltage V, . to the point where the
start-up 1s completed, the charge period becomes constant
after the completion of the start-up, and the charge period
(duty) in steady state can be obtained. In this manner, the
PWM comparator 165 determines the charge period and the
voltage-increasing period at the start-up and 1n steady state,
in accordance with the charge amount of the capacitor C 1.

Consequently, according to the stabilized power unit 11
provided with the duty adjustment circuit 16 structured as in
FIG. 3, the duty adjustment circuit 16 determines the charge
period at the star-up 1n accordance with the charge amount
of the capacitor C,1 increased with time by the charge
amount changing means, and thus the duty adjustment
circuit 16 can easily prevent a rush current from flowing into
the voltage-increasing capacitor C1 at the start up. In
addition, 1t 1s also possible to provide charge amount chang-
ing means for decreasing the charge amount of a capacitor
with time at the start-up, instead of the constant current
source I,1 and the Zener diode 164, and to determine the
charge period 1n accordance with the charge amount of the
capacitor whose charge amount 1s decreased with time by
discharge. When using a PWM comparator, 1t 1s possible to
set a period 1n which a voltage height relationship is opposite
to the foregoing case, for example, in which the voltage of
the capacitor 1s higher than the reference voltage and lower
than the triangular wave voltage (it 1s satisfactory even when
the voltage of the capacitor does not change linearly with
respect to time), as the charge period at the start-up.

Besides, 1 the structure shown in FIG. 3, the less the
increasing inclination of the voltage V 1 1s, the more slowly
the duty increases, which can provide slower soft start. Since
the voltage V 1 1s increased by I 1/C 1xt, where t denotes
time since the capacitor C 1 1s started to be charged by the
constant current, the charge period can be adjusted by
adjusting the capacity of the capacitor C_1. Such a capacitor
C,1 of a desired type may be externally attached to the
integrated portion 114, and thus it becomes possible to freely
set how to change the charge period at the start-up.

In such a manner, the charge period i1s gradually pro-
longed with time by the duty adjustment circuit 16 shown 1n
FIG. 3 so as to prevent a rush current from tflowing into the
voltage-increasing capacitor C1 at the start-up, and the duty
adjustment circuit 16 controls the switching section 5 at the
start-up to carry out the switching operation such that the
charged voltage of the output capacitor C3 1s always not
more than the output voltage V  1n steady state.

Next, FIG. 5 shows another structure of the duty adjust-
ment circuit 16. The members having the same function as
those 1 FIG. 3 will be designated by the same reference
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numerals. The duty adjustment circuit 16 m FIG. 5 1s a
circuit provided with the terminals T161, T162, and 1163, as
in the structure shown 1n FIG. 3, and includes 1n 1ts 1nside
resistors R11, R12, R13, .. ., Rn, the PWM comparator 165,

the oscillator 16¢, a constant voltage circuit 16d, a clock
counter circuit 16e, and a switch circuit 16/.

The switch circuit 16f 1s provided with switches S12,
S13, . . ., Sn. The resistor R12 and the switch S12, the
resistor R13 and the switch S13, . . ., and the resistor Rn and
the switch Sn make pairs respectively, and the respective
pairs are connected in parallel, with the resistor and the
switch 1n each pair connected 1n series. The resistor side of
this parallel circuit 1s connected with the resistor R11 in
serics at a point p2. The end of each switch opposite to the
point connected with the paired resistor 1s connected with a
GND line. The end of the resistor R11 opposite to the point
p2 1s connected to an output terminal of the constant voltage
circuit 16d, and an mput terminal of the constant voltage
circuit 16d 1s connected to the terminal T161. The point p2
1s connected to one of the non-reversal input terminals of the
PWM comparator 16b. The other non-reversal input termi-
nal of the PWM comparator 165 1s connected to the terminal
1T162. An mput terminal of the clock counter circuit 16¢ 1s
connected to an output terminal of the oscillator 16¢, and an
output terminal of the clock counter circuit 16¢ 1s connected
to a control terminal for switching ON/OFF the switch
circuit 16f.

As described 1n the explanation of FIG. 3, the oscillator
16¢ oscillates the triangular wave voltage V___ at a prede-
termined frequency, and serves as oscillation means for
carrying out oscillation at a predetermined oscillation fre-
quency. The constant voltage circuit 16d generates constant
voltage V_1 from the mput voltage V. for output. The clock
counter circuit 16¢ counts the number of triangular waves
oenerated by the oscillator 16¢ 1n a digital manner, and
serves as counting means for carrying out counting for the
oscillation means. Upon start of the start-up of the stabilized
power unit 1, the clock counter circuit 16¢ starts counting
the number of the triangular waves generated by the oscil-
lator 16¢, and when the number of oscillations reaches a
predetermined value, the clock counter circuit 16¢ outputs a
signal ¢ giving an instruction which of the switches S12,
S13, ..., Snshould be ON (in connected state), to the switch
circuit 16f. In other words, the clock counter circuit 16¢
detects the passage of time by counting the number of
oscillations. The switch circuit 16/ receives the signal € from
the clock counter circuit 16¢, and switches ON only the
switch corresponding to the signal ¢ among the switches
S12, 813, . .., Sn. Avoltage V 2 between the point p2 and
a GND becomes a divided voltage of the constant voltage
V 1 determined by the resistor connected with the switch
which becomes ON 1n series and the resistor R11, and 1s
inputted to the PWM comparator 16b.

As shown 1n a time chart 1n FIG. 6, at the start-up, the
switch circuit 16f switches ON a predetermined switch (for
example, the switch S12) so that the voltage V,2 becomes
lowest. The clock counter circuit 16¢ counts the number of
the triangular waves generated by the oscillator 16¢, and
outputs the signal ¢, by which the mnitial switch ON state can
be maintained, to the switch circuit 16/ until the count
reaches the first threshold. When the count reaches the first
threshold, the clock counter circuit 16¢ outputs the signal e,
which switches ON only a switch (for example, switch S13)
which makes the voltage V, 2 the sccond lowest, to the
switch circuit 16f. In such a manner, the switches are
switched for each threshold for the count, so as to increase
the value of the voltage V 2 step by step.
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The PWM comparator 166 compares the voltage V 2 with
the reference voltage V. 1, and outputs the signal d to the
control section 2 so that the period in which the lower
voltage of the two becomes higher than the triangular wave
voltage V__. comes to be the charge period in which the
switches S1 and S3 are ON and the switches S2 and S4 are
OFF, and that the period in which the lower voltage of the
two becomes lower than the triangular wave voltage V___
comes to be the voltage-increasing period in which the
switches S1 and S3 are OFF and the switches S2 and S4 are
ON. Since the voltage V 2 is set lower than the reterence
voltage V, A at the start-up, the charge period (duty)
becomes longer with time. When the voltage V 2 reaches the
reference voltage V1, the charge period and the voltage-
increasing period become constant afterwards. In addition,
the voltage V 2 1s set to be changed little by little by the
switching operation of the switches in the switch circuit 16/,
so that the charge period 1s gradually prolonged to the
foregoing constant predetermined value so as to prevent a

rush current from flowing into the voltage-increasing capaci-
tor C1.

In this manner, according to the duty adjustment circuit 16
structured as shown 1n FIG. §, the clock counter circuit 16¢
counts the number of oscillations of the oscillator 16c¢ at the
start-up so as to detect the passage of time, and the charge
per1od 1s determined based on the detected passage of time.
Therefore, it becomes possible to easily prevent a rush

current from flowing into the voltage-increasing capacitor
C1 at the start-up.

Thus, the charge period 1s gradually prolonged with time
by the duty adjustment circuit 16 shown 1n FIG. 5 so as to
prevent a rush current from flowing into the voltage-
increasing capacitor C1 at the start-up, and the duty adjust-
ment circuit 16 controls the switching section 5 at the
start-up to carry out the switching operation such that the
charged voltage of the output capacitor C3 1s always not
more than the output voltage V _ 1n steady state.

EXAMPLE 2

FIG. 7 shows a stabilized power unit 21 1 which an
oscillation frequency adjustment circuit 26 1s provided as the
soft start circuit 6 shown in FIG. 1. Along with this, the
integrated portion 1a in FIG. 1 1s 1llustrated in FIG. 7 as an
integrated portion 21a. The oscillation frequency adjustment
circuit 26 1s operated by using the mput voltage V. 1nputted
from the 1nput terminal T2 as a source voltage, and outputs
a control signal f to the control section 2. At the start-up of
the stabilized power unmit 21, the oscillation frequency
adjustment circuit 26 makes the control section 2 gradually
prolong the charge period, by the foregoing control signal {.
Besides, the charge period 1s increased so as to be gradually
prolonged to a predetermined value in order to prevent a
rush current from tflowing mto the voltage-increasing capaci-
tor C1 at the start-up. Since the rush current 1s prevented
from flowing into the voltage-increasing capacitor C1, the
output capacitor C3 1s gradually charged 1n the voltage-
increasing period. This structure can ecasily prevent an
overshoot of the output voltage V_ at the start-up.

FIG. 8 shows a structure of the oscillation frequency
adjustment circuit 26. The oscillation frequency adjustment
circuit 26 1n FIG. 8 1s a circuit provided with a terminal T261
to which the input voltage V. 1s 1nputted via the input
terminal T2, a terminal T262 to which a reference voltage
V,.3 of a DC voltage source (not shown) provided together

with the oscillation frequency adjustment circuit 26 1s
inputted, and a terminal 17263 from which the control signal
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I 1s outputted, and mcludes a constant current source 1,3, a
capacitor C_3, resistors rl and 12, a Zener diode 264,
comparators 26b and 26c¢, and an oscillator 26d.

The capacitor C 3 and the Zener diode 26a are connected
in parallel, and these are connected with the constant current
source I 3 in series. The constant current source [ 3 is
connected between the terminal T261 and a point p3, and the

capacitor C, 3 and the Zener diode 26a are connected
between the point p3 and GND lines, with a cathode of the
Zener diode 26a provided on the side of the point p3. The
comparator 26b has one non-reversal input terminal and one
reversal mput terminal, and the non-reversal mput terminal
1s connected to the point p3. The resistors rl and r2 are
connected 1n series between the terminal T262 and a GND
line, with the resistor r2 provided on the side of the GND,
and the reversal input terminal of the comparator 26b 1s
connected to a connecting point between the resistors rl and
r2. Besides, an output terminal of the comparator 26b is
connected to an 1nput terminal of the oscillator 26d. The
comparator 26c¢ has one non-reversal input terminal and one
reversal input terminal, and the non-reversal input terminal
1s connected to the terminal 1262, and the reversal input
terminal 1s connected to an output terminal of the oscillator

26d. An output terminal of the comparator 26¢ 1s connected
to the terminal T263.

Upon start of the start-up of the stabilized power unit 21,
the constant current source IPS generates a constant current
from the input voltage V. inputted from the terminal 1261,
and flows the constant current to the point p3. The capacitor
C,3 1s charged by the flowing in of the constant current, and
its charge amount 1s increased with time. When the charged
voltage of the capacitor C_3 reaches Zener voltage of the
Zener diode 264, the capacitor C 3 1s not charged any more,
and the constant current flows via the Zener diode 26a. The
Zener voltage 1s set higher than a reference voltage V, 4.
With this structure, a voltage V3 between the point p3 and
a GND increases with time, and 1s inputted to the non-
reversal mnput terminal of the comparator 26b. When the
stabilized power unit 21 i1s stopped, the constant current
source 1,3 stops the generation of the constant current, the
capacitor C_ 3 gradually discharges via the Zener diode 264,
and the voltage V 3 returns to an iitial value (a GND
potential).

To the reversal mnput terminal of the comparator 26b 1s
inputted the reterence voltage V, 4 which 1s a divided
voltage of the reference voltage V, 3 genecrated by the
resistors rl and r2, and the comparator 26b compares the
voltage V 3 mputted to the non-reversal mput terminal with
the reference voltage V 4. The oscillator 264 1s an
oscillation-frequency-changeable oscillator for generating
the triangular wave voltage V__ ., and the comparator 265
outputs a signal g for changing the oscillation frequency of
the oscillator 264 to the oscillator 26d, based on the voltage
height relationship between the voltage V 3 and the refer-
ence voltage V, 4. Here, at the start-up of the stabilized
power unit 21, the comparator 265 outputs the signal g so as
to make the oscillator 26d to carry out oscillation at the
highest oscillation frequency during when the voltage V 3 1s
lower than the reference voltage V, 4, and so as to make the
oscillator 26d to carry out oscillation at the second highest
oscillation frequency when the voltage V, 3 imcreases and
reaches the reference voltage V, 4. By increasing the types
of the signal g, the comparator 26b can switch oscillation
frequencies of the oscillator 26d to lower ones one by one.
In this manner, the constant current source 13, the capacitor
C,3, the resistors rl and r2, the Zener diode 26a, the
comparator 26b, and the oscillator 26d constitute oscillation
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means for carrying out oscillation with the oscillation fre-
quency changed from high to low with time at the start-up.
Besides, the constant current source 1,3 and the Zener diode
264 constitute charge amount changing means for increasing,
or decreasing the charge amount of the capacitor C,3 with
fime at the start-up.

The comparator 26¢ compares the reference voltage V, 3
inputted to the non-reversal input terminal with the trian-
cular wave voltage V___ 1nputted to the reversal input
terminal, and outputs the control signal { 1n accordance with
the voltage height relationship between the two voltages.
Here, as shown 1n a time chart 1n FIG. 9, when the reference
voltage V, A 1s higher than the triangular wave voltage V.,
the comparator 26¢ outputs the control signal f which gives
an 1nstruction to set the period as the charge period in which
the switches S1 and S3 are ON and the switches S2 and 54
are OFE, to the control section 2. On the other hand, when
the reference voltage V, 3 1s lower than the triangular wave
voltage V__ , the comparator 26¢ outputs the control signal
f which gi1ves an 1nstruction to set the period as the voltage-

increasing period 1n which the switches S1 and S3 are OFF
and the switches S2 and S4 are ON, to the control section 2.

As shown m FIG. 9, as the oscillation frequency of the
oscillator 264 becomes lower 1n such a manner that, after the
start of the start-up, the capacitor C 3 1s being charged, and
when the voltage V 3 reaches the reterence voltage V, 4,
the frequency of the triangular wave voltage V___ becomes
lower, the period 1n which the reference voltage V_ 3 1s
higher than the triangular wave voltage V___ 1s gradually
prolonged, and thus the charge period i1s gradually pro-
longed. After the completion of the start-up, the oscillation
frequency of the oscillator 26d becomes constant.

In this manner, the oscillation frequency adjustment cir-
cuit 26 structured as shown 1n FIG. 8 includes the above-
mentioned oscillation means, and determines the charge
period at the start-up based on the oscillation frequency.
Since the charge period at the start-up 1s determined based
on the oscillation frequency of the oscillation means which
carries out oscillation with varying with time from a high
frequency to a low frequency, 1t becomes possible to easily
prevent a rush current from flowing imto the voltage-
increasing capacitor C1 at the start-up.

In addition, since the oscillation frequency of the oscil-
lation means at the start-up 1s changed based on the charge
amount of the capacitor C 3 whose charge amount is
increased with time by the charge amount changing means,
it becomes possible to prevent a rush current from flowing
into the voltage-increasing capacitor C1 at the start-up more
casily. Incidentally, as 1n Example 1, it 1s possible to provide
charge amount changing means for decreasing the charge
amount of a capacitor with time at the start-up, instead of the
constant current source 1,3 and the Zener diode 26a.

Besides, 1 the structure shown in FIG. 8, the less the
increasing inclination of the voltage V, 3 1s, the longer the
interval of the timing that the oscillation frequency of the
oscillator 26d switches from a high frequency to a low
frequency 1s, which can provide slower soft start. Since the
voltage V, 3 1s increased by 1 ,3/C 3xt, where t denotes time
since the capacitor C 3 1s started to be charged by the
constant current, the charge period can be adjusted by
adjusting the capacity of the capacitor C,3. Such a capacitor
C,3 of a desired type may be externally attached to the
integrated portion 21a, and thus it becomes possible to freely
set how to change the charge period at the start-up.

In such a manner, the charge period i1s gradually pro-
longed with time by the oscillation frequency adjustment
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circuit 26 shown 1n FIG. 8 so as to prevent a rush current
from flowing 1nto the voltage-increasing capacitor C1 at the
start-up, and the oscillation frequency adjustment circuit 26
controls the switching section 5 at the start-up to carry out
the switching operation such that the charged voltage of the
output capacitor C3 1s always not more than the output
voltage V_ 1n steady state.

Next, FIG. 10 shows another structure of the oscillation
frequency adjustment circuit 26. The oscillation frequency
adjustment circuit 26 in FIG. 10 1s a circuit which 1s
provided with the terminal T263 from which the control
signal f 1s outputted, and a terminal T264 to which a
reference voltage V, S5 of a DC voltage source (not shown)
provided together with the oscillation frequency adjustment
circuit 26 1s inputted, but which does not have a terminal to
which the input voltage V. 1s inputted, and includes an
oscillator 264, a comparator 26¢, and a clock counter circuit
26f. The comparator 26¢ has one non-reversal input terminal
and one reversal mnput terminal: the non-reversal input
terminal 1s connected to the terminal T264, and the reversal
input terminal 1s connected to an output terminal of the
oscillator 26d. An mput terminal of the clock counter circuit
261 1s connected to an output terminal of the oscillator 264,
and an output terminal of the clock counter circuit 26/ 1s

connected to an oscillation frequency control terminal of the
oscillator 26d. An output terminal of the comparator 26¢ 1s
connected to the terminal T263.

The comparator 26¢ compares the reference voltage V, .S
inputted to the non-reversal mput terminal with the trian-
oular wave voltage V__. of the oscillator 264 inputted to the
reversal mput terminal, and outputs the control signal { in
accordance with the voltage height relationship between the
reference voltage V, S and the triangular wave voltage V.
The control signal { 1s structured the same as the one used
in the oscillation frequency adjustment circuit 26 shown 1n
FIG. 8. The clock counter circuit 26/ counts the number of
oscillations of a triangular wave outputted from the oscil-
lator 26d, and outputs a signal h for changing the oscillation
frequency of the oscillator 26d from a high frequency to a
low frequency, to the oscillator 26d, whenever the count
reaches a predetermined threshold. Thus, soft start as shown
in the time chart in FIG. 9 can be realized.

In this manner, the oscillator 264 and the clock counter
circuit 26/ constitute oscillation means for carrying out
oscillation with the oscillation frequency changed from high
to low with time at the start-up. Besides, the clock counter
circuit 26/ serves as counting means for counting the number
of oscillations of the oscillation means. Since the oscillation
frequency adjustment circuit 26 shown in FIG. 10 detects the
passage of time by counting the number of oscillations of the
oscillation means at the start-up by the counting means, and
changes the oscillation frequency of the oscillation means
based on the detected passage of time, 1t becomes possible
to prevent a rush current from flowing into the voltage-
increasing capacitor C1 at the start-up more easily.

In such a manner, the charge period 1s gradually pro-
longed with time by the oscillation frequency adjustment
circuit 26 shown 1n FIG. 10 so as to prevent a rush current
from flowing 1nto the voltage-increasing capacitor C1 at the
start-up, and the oscillation frequency adjustment circuit 26
controls the switching section 5 at the start-up to carry out
the switching operation such that the charged voltage of the
output capacitor C3 1s always not more than the output
voltage V_ 1n steady state.

EXAMPLE 3

FIG. 11 shows a stabilized power unit 31 1n which a gate
voltage adjustment circuit 36 1s provided as the soft start
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circuit 6 shown 1n FIG. 1. Along with this, the integrated
portion 1a 1n FIG. 1 1s 1llustrated in FIG. 11 as an integrated
portion 31a. Besides, each of the switches S1 and S3 15 a first
switch for connecting a path for charging the voltage-
increasing capacitor C1 1n the charge period, and for cutting
oif the path for charging the voltage-increasing capacitor C1
in the voltage-increasing period, and at least one of the

switches S1 and S3 1s constituted by a field-effect transistor
(hereinafter referred to as a MOSFET).

The gate voltage adjustment circuit 36 1s operated by
using the 1nput voltage V. 1nputted from the input terminal
12 as a source voltage, and controls the switching section 5
(see FIG. 1) by adjusting the signal a outputted from the
control section 2 for operating the MOSFET, that 1s, the
signal for supplying a gate voltage for the MOSFET, so as
to be a signal a'. More specifically, at the start-up, 1n order
to prevent a rush current from flowing 1n the output capacitor
C3 in the voltage-increasing period, a channel resistance
when the MOSFET 1s conducting, here, 1n the charge period,
1s gradually decreased from a higher value by adjusting the
cgate voltage, so as to gradually increase a final charged
voltage charged to the voltage-increasing capacitor C1 1n the
respective charge periods having an identical length, with
the passage of time since the start of the start-up. Here,
suppose that the signal b 1s not adjusted. In this manner, the
cgate voltage adjustment circuit 36 controls the switching
section 5 to carry out the switching operation so as to
exercise channel resistance control for decreasing the chan-
nel resistance with time when at least one MOSFET 1is
conducting, for the purpose of preventing a rush current
from flowing mto the output capacitor C3 at the start-up.

Through the control of the gate voltage adjustment circuit
36 on the switching section 35, the output capacitor C3 1s
oradually charged at the start-up. Consequently, this struc-
ture can easily prevent an overshoot of the output voltage V
at the start-up. Besides, since no rush current flows, the
current rating of the MOSFET can be set lower.

Incidentally, in the foregoing example, at least one of the
switches S1 and S3 1s defined as a MOSFET, but the present
invention 1s not limited to this. Each of the switches S2 and
S4 1s a second switch for cutting off a path for charging the
output capacitor C3 in the charge period, and for connecting
the path for charging the output capacitor C3 in the voltage-
increasing period, and 1t 1s satisfactory that at least one of the
first switch and the second switch, or at least one of the
switches S1, S2, S3, S4 i1n the present embodiment, 1s a
MOSFET. The MOSFET provided as the second switch
prevents a current flowing into the output capacitor C3 in
cach voltage-increasing period from becoming a rush cur-
rent directly.

FIG. 12 shows a structure of the gate voltage adjustment
circuit 36. The gate voltage adjustment circuit 36 in FIG. 12
1s structured for the switch S1 1n FIG. 11. The gate voltage
adjustment circuit 36 1s a circuit provided with a terminal
1361 to which the mput voltage V. 1s mputted via the input
terminal T2, a terminal T362 connected to a GND line, a
terminal T363 to which the signal a i1s mnputted from the
control section 2, and a terminal T364 from which the signal
a' 1s outputted, and includes a constant voltage circuit 36a,
a capacitor C 4, a resistor 13, and switching elements S36

and S36'. Besides, suppose that the switch S1 1s a p-channel
MOSFET.

The constant voltage circuit 36a are connected to the
terminals T361 and T362 which serve as power terminals.
Between an output terminal of the constant voltage circuit
36a and a GND line, the capacitor C_ 4 and the resistor r3 are
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connected 1n series via a point p4, with the resistor r3
provided on the side of a GND. The switching element S36
1s connected between the point 4 and the terminal 17364, and
a control terminal for switching ON and OFF the switching
clement S36 1s connected to the terminal T363. The switch-
ing element S36' 1s connected between the terminal T361
and the terminal T364, and a control terminal for switching,
ON and OFF the switching element S36' 1s connected to the
terminal T363. The switching element S36 1s ON when the
signal a mputted from the control section 2 via the terminal
1363 1s in a “LOW?” level, and 1s OFF when the signal a 1s
in a “HIGH” level. The switching element S36' 1s ON when
the signal a1s 1n a “HIGH” level, and 1s OFF when the signal
ai1s 1 a “LOW” level.

Before the stabilized power unit 31 1s started up, the
switching element 36' 1s ON, and the MOSFET 1s OFF as a
source and a gate of the MOSFET are short-circuited. Upon
start of the start-up of the stabilized power unit 31, the
constant voltage circuit 36a generates a constant voltage V 2
from the mput voltage V,, for output. The capacitor C 4 1s
oradually charged by the application of the constant voltage
V.2 to a circuit in which the capacitor C_ 4 and the resistor
rd are connected 1n series. In the charge period, the signal a
becomes “LOW?”, which makes the switching element S36
ON and thus the point p4 and the terminal T364 are
short-circuited, and which makes the switching element S36'
OFF and thus a short-circuit path between the terminal T361
and the terminal 364 1s cut off. In the voltage-increasing
period, the signal a becomes “HIGH”, which makes the
switching element S36 OFF and thus a short-circuit path
between the point p4 and the terminal T364 1s cut off. With
this structure, 1n the charge period, signal a' having a voltage
V_4 between the point 4 and the terminal T364 is outputted
from the terminal T364 to the switch S1, and a gate voltage
within a range which makes the switch S1 ON 1s applied.

As shown 1n a time chart 1n FIG. 13, the voltage V 4
declines from the voltage V 2 with a time constant deter-
mined by the capacitor C,4 and the resistor r3. Theretore,
even when predetermined, constant charge period and
voltage-increasing period are repeated, the channel resis-
tance of the MOSFET 1in the charge period decreases with
time, and 1n steady state reached after a suflicient passage of
time, the voltage V 4 becomes virtually zero and the channel
resistance 1s minimized. Consequently, 1n an 1nitial stage of
the start-up where the channel resistance 1s high, the voltage-
increasing capacitor C1 1s gradually charged in the charge
per1od and the output capacitor C3 1s also gradually charged,
and as the channel resistance decreases, the charge amount
in the charge period 1s increased, and the charged voltage of
the output capacitor C3 1s also increased. After the operation
of the stabilized power unit 31 1s stopped, the operation of
the constant voltage circuit 36a 1s also stopped, and the
accumulated charge in the capacitor C_ 4 1s discharged.

In this manner, the constant voltage circuit 36a and the
resistor rd constitute charge amount changing means for
increasing the charge amount of the capacitor C 4 with time
at the start-up. The gate voltage adjustment circuit 36
decreases the channel resistance 1n a period for charging the
MOSFET at the start-up, that 1s, in a period 1n which the
MOSFET 1s conducting, based on the charge amount of the
capacitor C 4 which 1s increased with time at the start-up,
and thus 1t can easily prevent a rush current from flowing
into the output capacitor C3 at the start-up. In this manner,
the channel resistance when the MOSFET i1s conducting 1s
oradually decreased with time so as to prevent a rush current
from flowing into the output capacitor C3 at the start-up, and
the gate voltage adjustment circuit 36 controls the switching
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section 5 at the start-up to carry out the switching operation
such that the charged voltage of the output capacitor C3 is
always not more than the output voltage V  1n steady state.

Such a capacitor C_4 of a desired type may be externally
attached, and thus it becomes possible to freely set how to
decrease the channel resistance of the MOSFET in the
charge period at the start-up. Incidentally, 1t 1s also possible
to provide charge amount changing means for decreasing the
charge amount of the capacitor C_ 4 with time at the start-up,

so as to decrease the channel resistance of the MOSFET 1n
the charge period at the start-up based on the charge amount
of the capacitor C, 4 which 1s increased with time.

Next, FIG. 14 shows another structure of the gate voltage
adjustment circuit 36. The gate voltage adjustment circuit 36
in FIG. 14 1s structured for the switch S1 1n FIG. 11, and as
in the gate voltage adjustment circuit 36 i FIG. 12, 1t 1s a
circuit provided with the terminals 1361 to 1364, and
includes a constant voltage circuit 36b, a clock counter

circuit 36¢, a switch circuit 36d, resistors r31, r32,
rd3, . . ., m, and the switching elements S36 and S36'.

The constant voltage circuit 36b are connected to the
terminals T361 and 1362 which serve as power terminals.
The switch circuit 364 includes switches s32, s33, . . ., sn.
The resistor r32 and the switch s32, the resistor r33 and the
switch s33, . . ., and the resistor rn and the switch sn make
pairs respectively, and the respective pairs are connected in
parallel, with the resistor and the switch 1n each pair
connected 1n series. The resistor side of this parallel circuit
1s connected with the resistor r31 1n series at a point pS. The
resistance values of the resistors r32, r33, . . ., rn are set such
that the resistor r32 has the greatest resistance value, the
resistor r33 has the second greatest resistance value, and the
resistance values of the resistors afterwards gradually
decrease, whereas the resistance value of the resistor rn 1s
zero. The end of each switch opposite to the point connected
with the paired resistor 1s connected with a GND line. The
end of the resistor r31 opposite to the point pS 1s connected
to an output terminal of the constant voltage circuit 365. An
input terminal of the clock counter circuit 36¢ 1s connected
to the terminal T363, and an output terminal of the clock
counter circuit 36¢ 1s connected to a control terminal for
switching ON/OFF the switch circuit 36d. The switching
clement S36 1s connected between the point pS and the
terminal T364, and a control terminal for switching ON/OFF
the switching element S36 1s connected to the terminal

1363. The switching element S36' 1s connected 1n the same
way as in FIG. 12.

Before the stabilized power unit 31 1s started up, the
switching element 36' 1s ON, and the MOSFET 1s OFF as a
source and a gate of the MOSFET are short-circuited. Upon
start of the start-up of the stabilized power umit 31, the
constant voltage circuit 36b generates a constant voltage V_3
from the 1nput voltage V. for output. The signal a inputted
from the terminal T363 after the start-up of the stabilized
power unit 31 1s started 1s originally a switching signal
constituted by a pulse corresponding to the switching
operation, together with the signal b. The clock counter
circuit 36¢ counts the number of pulses of the signal a, and
whenever the count reaches a predetermined threshold, the
clock counter circuit 36¢ outputs a signal 1 which gives an
instruction to switch ON (close) only one switch corre-
sponding to each threshold, to the switch circuit 36d. With
this structure, a voltage V S is generated by dividing the
voltage V_3, at the point pS. In the charge period, the signal
a becomes “LOW?”, which makes the switching element S36
ON (connected state) and the switching element S36' OFF
(cut-off state), and the voltage V5§ 1s outputted from the
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terminal T364 as a voltage of the signal a', that 1s, the gate
voltage of the MOSFET. On the other hand, 1n the voltage-
increasing period, the signal a becomes “HIGH”, which
makes the switching element S36 OFF and the switching
clement S36' ON, and the MOSFET becomes OFF with the

source and the gate short-circuited.

As shown 1n a time chart in shown FIG. 15, when the
start-up of the stabilized power unit 31 1s started, the switch
s32 of the switch circuit S36d 1s ON so that the voltage VS
has the greatest value V_, and whenever the count of the
number of pulses of the signal a counted by the clock
counter circuit 36¢ reaches a threshold (for each increment
in FIG. 15), the switch in the switch circuit 364 is switched
in order of s32—=s33— . . . —sn, and the voltage V3 is
reduced step by step. At the completion of the start-up, the
switch sn 1s closed and the voltage V, § becomes zero.
Consequently, 1n order to prevent a rush current from
flowing into the output capacitor C3, the channel resistance
of the MOSFET 1s decreased with time 1n the charge period,
and the output capacitor C3 1s gradually charged in the
voltage-increasing period.

In this manner, the control section 2 serves as switching,
signal generation means for generating the switching signal,
and the clock counter circuit 36¢ serves as counting means
for counting the number of pulses of the switching signal
cgenerated by the switching signal generation means. Since
the gate voltage adjustment circuit 36 detects the passage of
time at the start-up by counting the number of pulses of the
signal a by means of the clock counter circuit 36¢, and
reduces the channel resistance when the MOSFET 1s con-
ducting based on the detected passage of time, 1t becomes
possible to easily prevent a rush current from flowing into
the output capacitor C3 at the start-up. In such a manner, the
channel resistance when the MOSFET 1s conducting 1is
oradually reduced with time so as to prevent a rush current
from flowing into the output capacitor C3 at the start-up, and
the gate voltage adjustment circuit 36 controls the switching
section 5 at the start-up to carry out the switching operation
such that the charged voltage of the output capacitor C3 is
always not more than the output voltage V_ 1n steady state.
Incidentally, 1n FIGS. 12 and 14, 1t 1s satisfactory that the
signal a 1s a signal generated corresponding to the switching
operation of the switch S1, and 1ts HIGH/LOW level may be
reversed compared with the foregoing example as long as

the ON/OFF relationship of the switches S36 and S36' 1s the
same as 1n the foregoing example.

EXAMPLE 4

FIG. 16 shows a stabilized power unit 41 1n which a
reference voltage adjustment circuit 46 1s provided as the
soft start circuit 6 shown in FIG. 1. Along with this, the
integrated portion 1a in FIG. 1 1s illustrated 1in FIG. 16 as an
integrated portion 41a. Besides, the direct voltage source 4
in FIG. 1 1s deleted, and suppose that the reference voltage
adjustment circuit 46 1s a voltage source which operates
using the input voltage V. as a source voltage, and generates
a reference voltage V, 6 so as to be voltage-adjustable and
inputs the reference voltage V, 6 to a reversal input terminal
of the comparator 3. In other words, the reference voltage
adjustment circuit 46 serves as a part of the switching
section 3.

Upon start of the start-up of the stabilized power unit 41,
the reference voltage adjustment circuit 46 increases the
reference voltage V, 6 to a predetermined value 1n steady
state. The comparator 3 compares the feedback voltage Vg1,
which 1s the detected value of the output voltage V _ detected
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by the voltage-dividing resistors R1 and R2, with the ref-

erence voltage V, 6. When the feedback voltage Vﬂ;l

reaches the reference voltage V, 6 during the switching
operation, the reference voltage adjustment circuit 46 out-
puts the signal ¢ which gives an instruction to stop the
switching operation 1n a condition that a charge from the
voltage-increasing capacitor C1 to the output capacitor C3 1s
not carried out, to the control section 2. On the other hand,
when the feedback voltage Vg1 decreases by a predeter-
mined value while the switching operation 1s stopped, the
reference voltage adjustment circuit 46 outputs the signal ¢
which gives an 1instruction to carry out the switching
operation, to the control section 2.

In this manner, the voltage-dividing resistors R1 and R2
serve as output voltage detection means for detecting the
output voltage V_. Besides, the reference voltage adjustment
circuit 46 also serves as reference voltage generation means
for generating the reference voltage V, 0 so as to be
voltage-adjustable. Further, the comparator 3 serves as com-
parison means which compares the detected value of the
output voltage V_ detected by the voltage-dividing resistors
R1 and R2 (the feedback voltage V1) with the reference
voltage V, 0, and stops the switching operation in a con-
dition that a charge from the voltage-increasing capacitor C1
to the output capacitor C3 1s not carried out when the
detected value becomes not less than the reference voltage
V,./ during the switching operation, and makes the switch-
Ing section S to carry out the switching operation when the
detected value decreases by a predetermined value while the
switching operation 1s stopped.

The reference voltage adjustment circuit 46 increases the
reference voltage V, 6 to a predetermined value so as to
prevent a rush current from flowing into the voltage-
increasing capacitor C1 at the start-up. With this structure,
the output capacitor C3 1s gradually charged in the voltage-
increasing period. Therefore, this structure can easily pre-
vent an overshoot of the output voltage V _ at the start-up.
Besides, since the structure by which the reference voltage
adjustment circuit 46 increases the reference voltage V, 6
can be designed very easily, complicated processes are not
required and a chip area can be reduced when the structure
1s made up 1n a chip, and thus a soft start function can be
attached 1nexpensively.

Next, FIG. 17 shows a structure of the reference voltage
adjustment circuit 46. The reference voltage adjustment
circuit 46 1s provided with a terminal T461 to which the
input voltage V. 1s mputted via the input terminal T2, and
a terminal 'T462 for outputting the reterence voltage V, 6,
and 1ncludes a constant voltage circuit 464, resistors rcl and
rc2, and a capacitor C46. The resistors rcl and rc2 are
connected 1n series between the constant voltage circuit 46a
and a GND line, with the resistor rc2 provided on the side
of a GND. The constant voltage circuit 46a 1s connected
between the terminal T461 and an end of the resistor rcl
opposite to the point connected with the resistor rc2. The
point connecting the resistors rcl and rc2 1s connected to the

terminal 1462, and the capacitor C46 i1s connected between
the terminal T462 and a GND line.

Upon start of the start-up of the stabilized power unit 41,
the constant voltage circuit 46a generates a constant voltage
V 4 from the mput voltage V. for output. By the output of
the voltage V 4, a current flows 1nto the resistors rcl and rc2,
and the capacitor C46 becomes charged. With this
arrangement, a voltage between the terminals of the capaci-
tor C46, determined according to element constants of the
resistors rcl and rc2 and the capacitor C46, 1s outputted from
the terminal T462 as the reference voltage V, /6, so as to be
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oradually increased as shown i1n a time chart in FIG. 18.
When the feedback voltage V, 1 1s lower than the reference
voltage V, /6, the switching operation 1s continued (ON) and
the feedback voltage V.1 1s gradually increased, and when
the feedback voltage Vg1 reaches the reference voltage
V.., the switching operation is stopped (OFF). When the
feedback voltage V41 1s declined by a predetermined volt-
age while the switching operation 1s stopped, the switching
operation 1s started again, and the feedback voltage V1 1s
approaching a value 1n steady state, with some up-and-down
movements.

In this manner, the constant voltage circuit 46a and the
resistors rcl and rc2 constitute charge amount changing
means for increasing or decreasing the charge amount of the
capacitor C46 with time at the start-up. Since the reference
voltage adjustment circuit 46 increases the reference voltage
V.4 at the start-up based on the charge amount of the
capacitor C46 increased or decreased with time, 1t becomes
possible to easily prevent a rush current from flowing into
the voltage-increasing capacitor C1. Besides, such a capaci-
tor C46 of a desired type may be externally attached, and
thus 1t becomes possible to freely set how to increase the

reference voltage by the reference voltage adjustment circuit
46 at the start-up.

In such a manner, the switching operation is carried out by
the reference voltage adjustment circuit 46 shown in FIG. 17
so as to prevent a rush current from flowing into the
voltage-increasing capacitor C1 at the start-up, and the
reference voltage adjustment circuit 46 controls the switch-
ing section 5 at the start-up to carry out the switching
operation such that the charged voltage of the output capaci-
tor C3 1s always not more than the output voltage V _ in
stecady state.

As described, a stabilized power unit of the present
invention 1s a switched-capacitor-type stabilized power unit
structured so as to include:

an voltage-increasing capacitor which 1s charged based on
an 1put voltage and whose voltage 1s increased after
being charged;

switching means for carrying out switching operation to
alternately switch a charge period and a voltage-

increasing period of the voltage-increasing capacitor;
and

an output capacitor which outputs a charged voltage
obtained by being charged utilizing a voltage-
increasing potential of the voltage-increasing capacitor
in the voltage-increasing period, as an output voltage,
and stabilizes the charged voltage within a range of the
output voltage 1n steady state through a plurality of the
voltage-increasing periods after a start-up 1s started,

wherein the stabilized power unit includes soft start
means for controlling the switching means to carry out
the switching operation so that the charged voltage
always becomes not more than the output voltage in the
steady state, at the start-up from when the start-up 1s
started until when the charged voltage 1s stabilized
within the range of the output voltage in the steady
state.

According to the foregoing 1invention, at the start-up, the
solt start means controls the switching means to carry out the
switching operation so that the charged voltage of the output
capacitor always becomes not more than the output voltage
in the steady state. With this structure, the charged voltage
of the output capacitor becomes stabilized within the range
of the output voltage in the steady state, without having an
overshoot until the completion of the start-up. Consequently,
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it becomes possible to provide a switched-capacitor-type
stabilized power unit which can prevent an overshoot of the
output voltage at the start-up, 1n the structure having the
output capacitor which outputs the charged voltage obtained
through a plurality of charges by the switching operation
utilizing a voltage-increasing potential of the voltage-
Increasing capacitor, as an output voltage.

The stabilized power unit of the present invention may be
structured such that:

the soft start means controls the switching means so as to
carry out the switching operation so that the charge
period 1s gradually prolonged to a predetermined value,
s0 as to prevent a rush current from flowing 1nto the
voltage-increasing capacitor at the start-up.
According to the foregoing invention, under the control of
the soft start means, the switching means carries out the
switching operation so that the charge period 1s gradually
prolonged to the predetermined value at the start-up, and
prevents a rush current from flowing into the voltage-
increasing capacitor. Therefore, the output capacitor is
oradually charged 1n the voltage-increasing period.
Consequently, 1t becomes possible to easily prevent an
overshoot of the output voltage at the start-up.
The stabilized power unit may be structured such that:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means determines the charge period at the
start-up based on the charge amount of the capacitor.
According to the foregoing invention, since the soft start
means determines the charge period at the start-up based on
he charge amount of the capacitor which is 1ncreased or
ecreased with time by the charge amount changing means,
t becomes possible to easily prevent a rush current from
flowing 1nto the voltage-increasing capacitor at the start-up.
Besides, since the capacitor of a desired type may be
externally attached, it becomes possible to freely set how to
change the charge period at the start-up.
Further, the stabilized power unit of the present invention
may be structured such that:

the soft start means 1ncludes oscillation means for carry-
ing out oscillation at a predetermined oscillation fre-
quency and counting means for counting the number of
oscillations of the oscillation means; and

o 0 P

the soft start means detects a passage of time by counting,
the number of the oscillations by the counting means at
the start-up, and determines the charge period based on
a detection result of the passage of time.

According to the foregoing invention, since the soft start
means detects the passage of time by counting the number
of the oscillations of the oscillation means by the counting
means at the start-up, and determines the charge period
based on the detection result of the passage of time, it
becomes possible to easily prevent a rush current from
flowing 1nto the voltage-increasing capacitor at the start-up.

Further, to achieve the foregoing object, the stabilized
power unit may be structured such that:

the soft start means 1ncludes oscillation means for carry-
ing out oscillation with an oscillation frequency
changed from high to low with time at the start-up; and

the soft start means determines the charge period at the
start-up, based on the oscillation frequency.
According to the foregoing invention, the soft start means
determines the charge period at the start up based on the
oscillation frequency of the oscillation means for carrying
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out oscillation, the oscillation frequency being changed from
high to low with time. Consequently, 1t becomes possible to
casily prevent a rush current from flowing 1nto the voltage-
Increasing capacitor at the start-up.

Further, to achieve the foregoing object, the stabilized

power unit of the present invention may be structured such
that:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means changes the oscillation frequency at
the start-up, based on the charge amount of the capaci-
tor.

According to the foregoing invention, since the soft start
means changes the oscillation frequency of the oscillation
means at the start-up, based on the charge amount of the
capacitor which 1s increased or decreased with time by the
charge amount changing means, it becomes possible to
casily prevent a rush current from flowing into the voltage-
increasing capacitor at the start-up. Besides, since the
capacitor of a desired type may be externally attached, 1t
becomes possible to freely set how to change the oscillation
frequency of the oscillation means at the start-up.

Further, to achieve the foregoing object, the stabilized

power unit of the present invention may be structured such
that:

the soft start means 1ncludes counting means for counting,
the number of oscillations of the oscillation means; and

the soft start means detects a passage of time by counting,
the number of the oscillations by the counting means at
the start-up, and changes the oscillation frequency
based on a detection result of the passage of time.
According to the foregoing invention, since the soft start
means detects the passage of time by counting the number
of the oscillations by the counting means at the start-up, and
changes the oscillation frequency of the oscillation means
based on the detected passage of time, 1t becomes possible
to easily prevent a rush current from flowing into the
voltage-increasing capacitor at the start-up.
Further, to achieve the foregoing object, the stabilized
power unit of the present invention may be structured such
that:

the switching means includes not less than one first switch

for connecting a path for charging the voltage-

Increasing capacitor 1n the charge period and for cutting,
off the path for charging the voltage-increasing capaci-
tor in the voltage-increasing period, and not less than
one second switch for cutting off a path for charging the
output capacitor 1n the charge period and for connect-
ing the path for charging the output capacitor in the

voltage-increasing period;

at least one of the first switch and the second switch 1s a
field-effect transistor; and

the soft start means controls the switching means to carry
out the switching operation so as to exercise channel
resistance control for decreasing channel resistance
with time when at least one field-effect transistor 1s
conducting, so as to prevent a rush current from flowing
into the output capacitor at the start-up.

According to the foregoing invention, under the control of
the soft start means, the switching means carries out the
switching operation at the start-up so as to exercise the
channel resistance control for decreasing the channel resis-
tance with time when at least one field-effect transistor of the
first switch and the second switch 1s conducting, so as to




US 6,624,619 B2

23

prevent a rush current from flowing into the output capacitor.
Theretfore, the output capacitor 1s gradually charged at the
start-up. Consequently, 1t becomes possible to easily prevent
an overshoot of the output voltage at the start-up. Besides,
since no rush current flows, the current rating of the field-
cifect transistor can be set lower.

Further, to achieve the foregoing object, the stabilized

power unit of the present invention may be structured such
that:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means controls the switching means to carry
out the switching operation so as to exercise the chan-
nel resistance control at the start-up, based on the
charge amount of the capacitor.

According to the foregoing invention, the soft start means
controls the switching means to decrease the channel resis-
tance when the field-effect transistor 1s conducting at the
start-up, based on the charge amount of the capacitor
increased or decreased with time by the charge amount
changing means. Therefore, 1t becomes possible to easily
prevent a rush current from flowing into the output capacitor
at the start-up. Besides, since the capacitor of a desired type
may be externally attached, it becomes possible to freely set
how to decrease the channel resistance of the field-elffect
fransistor at the start-up.

Further, to achieve the foregoing object, the stabilized
power unit of the present invention may be structured such
that:

the stabilized power unit includes switching signal gen-
eration means for generating a switching signal con-
stituted by a pulse corresponding to the switching
operation;

the soft start means imncludes counting means for counting,
the number of pulses of the switching signal generated
by the switching signal generation means; and

the soft start means detects a passage of time by counting,
the number of the pulses by the counting means at the
start-up, and controls the switching means to carry out
the switching operation so as to exercise the channel
resistance control, based on a detection result of the
passage of time.

According to the foregoing invention, since the soft start
means detects the passage of time by counting the number
of the pulses of the switching signal generated by the
switching signal generation means by the counting means at
the start-up, and controls the switching means to decrease
the channel resistance when the field-effect transistor is
conducting, based on the detected passage of time, 1t
becomes possible to easily prevent a rush current from
flowing into the output capacitor at the start-up.

Further, to achieve the foregoing object, the stabilized
power unit of the present invention may be structured such
that:

the switching means includes (a) output voltage detection
means for detecting the output voltage, (b) reference
voltage generation means for generating a reference
voltage so as to be voltage-adjustable, and (c) com-
parison means which compares a detected value of the
output voltage detected by the output voltage detection
means with the reference voltage, and controls the
switching means to stop the switching operation 1n a
condition that a charge from the voltage-increasing
capacitor to the output capacitor 1s not carried out when
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the detected value becomes not less than the reference
voltage during the switching operation, or controls the
switching means to carry out the switching operation
when the detected value decreases by a predetermined
value while the switching operation 1s stopped; and

the soft start means controls the reference voltage gen-
eration means to increase the reference voltage to a
predetermined value so as to prevent a rush current
from flowing into the voltage-increasing capacitor at
the start-up.

According to the foregoing invention, the switching
means may be structured so as to compare the detected value
of the output voltage detected by the output voltage detec-
fion means with the reference voltage generated by the
reference voltage generation means so as to be voltage-
adjustable, by the comparison means. When the detected
value 1s not less than the reference voltage during the
switching operation, the comparison means controls the
switching means to stop the switching operation so as not to
carry out the charge from the voltage-increasing capacitor to
the output capacitor, and when the detected value 1s declined
by the predetermined value while the switching operation 1s
stopped. On the other hand, the soft start means controls the
reference voltage generation means to increase the reference
voltage to a predetermined value so as to prevent a rush
current from flowing into the voltage-increasing capacitor at
the start-up. With this structure, the output capacitor is
oradually charged 1n the voltage-increasing period.
Consequently, 1t becomes possible to easily prevent an
overshoot of the output voltage at the start-up.

Besides, since the structure by which the soft start means
controls the reference voltage generation means to 1ncrease
the reference voltage can be designed very easily, compli-
cated processes are not required and a chip areca can be
reduced when the structure 1s made up 1n a chip, and thus a
soft start function can be attached inexpensively.

Further, to achieve the foregoing object, the stabilized
power unit of the present invention may be structured such
that:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means controls the reference voltage gen-
eration means to increase the reference voltage to the
predetermined value at the start-up, based on the charge
amount of the capacitor.

According to the foregoing invention, since the soft start
means 1ncreases the reference voltage of the reference
voltage generation means at the start up based on the charge
amount of the capacitor increased or decreased with time by
the charge amount changing means, 1t becomes possible to
casily prevent a rush current from flowing mto the output
capacitor at the start-up. Besides, since the capacitor of a
desired type may be externally attached, it becomes possible
to freely set how to increase the reference voltage of the
reference voltage generation means at the start-up.

The stabilized power unit of the present invention can be
a stabilized power unit which includes:

an voltage-increasing capacitor which 1s charged based on
an 1mput voltage and whose voltage 1s increased after
being charged;

switching means for carrying out switching operation to

alternately switch a charge period and a voltage-
increasing period of the voltage-increasing capacitor;

an output capacitor which outputs a charged voltage
utilizing a voltage-increasing potential of the voltage-
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Increasing capacitor in the voltage-increasing period, as
an output voltage; and

solt start means for controlling the switching means to
carry out the switching operation which increases and
decreases the output voltage within the range of the
output voltage so that the charged voltage of the output
capacitor 1s stabilized within the range of the output
voltage 1n the steady state.
According to the foregoing mnvention, at the start-up, the
solt start means controls the switching means to carry out the
switching operation which increases and desreases the out-

put voltage within the range of the output voltage so that the
charged voltage of the output capacitor 1s stabilized within
the range of the output voltage 1n the steady state. With this
structure, the charged voltage of the output capacitor
becomes stabilized within the range of the output voltage in
the steady state, without having an overshoot until the
completion of the start-up. Consequently, 1t becomes pos-
sible to provide a switched-capacitor-type stabilized power
unit which can prevent an overshoot of the output voltage at
the start-up, 1n the structure having the output capacitor
which outputs the charged voltage obtained through a plu-
rality of charges by the switching operation utilizing a
voltage-increasing potential of the voltage-increasing
capacitor, as an output voltage.

As the method for starting up the stabilized power unit of
the present invention which includes:

switching means for carrying out switching operation to
alternately switch a charge period and a voltage-
increasing period of the voltage-increasing capacitor;
and

an output capacitor which outputs a charged voltage
obtained by being charged utilizing a voltage-
increasing potential of the voltage-increasing capacitor
in the voltage-increasing period, as an output voltage,

where1n:
the charged voltage 1s stabilized within a range of the
output voltage 1n steady state through a plurality of
the voltage-increasing periods after a start-up 1s
started,

the method includes the step of:
carrying out the switching operation so that the charged
voltage always becomes not more than the output
voltage 1n the steady state, at the start-up from when
the start-up 1s started until when the charged voltage
1s stabilized within the range of the output voltage 1n
the steady state.

According to the foregoing mnvention, at the start-up, the
switching operation 1s carried out so that the charged voltage
of the output capacitor always becomes not more than the
output voltage 1n the steady state. With this structure, the
charged voltage of the output capacitor becomes stabilized
within the range of the output voltage in the steady state,
without having an overshoot until the completion of the
start-up. Consequently, 1t becomes possible to provide a
switched-capacitor-type stabilized power unit which can
prevent an overshoot of the output voltage at the start-up, in
the structure having the output capacitor which outputs the
charged voltage obtained through a plurality of charges by
the switching operation utilizing a voltage-increasing poten-
fial of the voltage-increasing capacitor, as an output voltage.

The mvention being thus described, 1t will be obvious that
the same may be varied in many ways. Such variations are
not to be regarded as a departure from the spirit and scope
of the mvention, and all such modifications as would be
obvious to one skilled 1n the art are intended to be 1included
within the scope of the following claims.
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What 1s claimed 1s:
1. A stabilized power unit, comprising;

an voltage-increasing capacitor which 1s charged based on
an 1put voltage and whose voltage 1s increased after
being charged;

switching means for carrying out switching operation to

alternately switch a charge period and a voltage-
increasing period of the voltage-increasing capacitor;

an output capacitor which outputs a charged voltage
obtained by being charged utilizing a voltage-
increasing potential of the voltage-increasing capacitor
in the voltage-increasing period, as an output voltage,
and stabilizes the charged voltage within a range of the
output voltage 1n steady state through a plurality of the
voltage-increasing periods after a start-up is started;
and

soft start means for controlling the switching means to
carry out the switching operation so that the charged
voltage always becomes not more than the output
voltage 1n the steady state, at the start-up from when the

start-up 1s started until when the charged voltage 1s

stabilized within the range of the output voltage 1n the

steady state.

2. A stabilized power unit, comprising:

an voltage-increasing capacitor which 1s charged based on
an 1put voltage and whose voltage 1s increased after
being charged;

switching means for carrying out switching operation to
alternately switch a charge period and a voltage-
increasing period of the voltage-increasing capacitor;

an output capacitor which outputs a charged voltage
utilizing a voltage-increasing potential of the voltage-
Increasing capacitor in the voltage-increasing period, as
an output voltage; and

soft start means for controlling the switching means to
carry out the switching operation which increases and
desreases the output voltage within the range of the
output voltage 1n the study state so that the charged
voltage of the output capacitor 1s stabilized within the
range ol the output voltage 1n the steady state.

3. The stabilized power unit as set forth in claim 1,

wherein:

the soft start means controls the switching means so as to
carry out the switching operation so that the charge
period 1s gradually prolonged to a predetermined value,
so as to prevent a rush current from flowing into the
voltage-increasing capacitor at the start-up.
4. The stabilized power unit as set forth mn claim 3,
wherein:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a

charge amount of the capacitor with time at the start-up;
and

the soft start means determines the charge period at the

start-up based on the charge amount of the capacitor.
5. The stabilized power unit as set forth mn claim 4,
wherein:

the charge amount changing means includes a constant
current source and a Zener diode, and Zener voltage of

the Zener diode 1s set higher than a reference voltage of
the soft start means.

6. The stabilized power unit as set forth i claim 3,
wherein:

the soft start means 1ncludes oscillation means for carry-
ing out oscillation at a predetermined oscillation fre-
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quency and counting means for counting the number of
oscillations of the oscillation means; and

the soft start means detects a passage of time by counting
the number of the oscillations by the counting means at
the start-up, and determines the charge period based on
a detection result of the passage of time.
7. The stabilized power unit as set forth 1 claim 6,
wherein:

the oscillation means carries out oscillation of a triangular

wave voltage at a predetermined oscillation frequency,
and

the counting means (a) starts counting the number of
oscillations of the triangular wave generated by the
oscillation means at the start-up, and (b) outputs a
signal for giving instruction which switch of plural
switches 1n a switch circuit should be 1 a connected
state when the number of the oscillations counted by
the counting means reaches a predetermined value.

8. The stabilized power unit as set forth in claim 7,

wherein:

the switch circuit makes a predetermined switch be 1 a
connected state so as to obtain the lowest voltage; and

the counting means switches the switches in the switch
circuit for each threshold for the number of the oscil-

lations generated by the oscillation means so as to
increase the voltage step by step.
9. The stabilized power unit as set forth in claim 3,
wherein:
the soft start means includes oscillation means for carry-
ing out oscillation with an oscillation frequency

changed from high to low with time at the start-up; and

the soft start means determines the charge period at the
start-up, based on the oscillation frequency.
10. The stabilized power unit as set forth in claim 9,
wherein:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means changes the oscillation frequency at
the start-up, based on the charge amount of the capaci-
tor.
11. The stabilized power unit as set forth 1in claim 10,
wherein:

the charge amount changing means i1ncludes a constant
current source and a Zener diode, and Zener voltage of
the Zener diode 1s set higher than a reference voltage of
the soft start means.
12. The stabilized power unit as set forth in claim 9,
wherein:

the soft start means imncludes counting means for counting,
the number of oscillations of the oscillation means; and

the soft start means detects a passage of time by counting
the number of the oscillations by the counting means at
the start-up, and changes the oscillation frequency
based on a detection result of the passage of time.

13. The stabilized power unit as set forth i claim 12,
wherein:

the oscillation means 1includes of an oscillator, and a clock
counter circuit, and

the clock counter circuit counts the number of oscillations
of a triangular wave outputted from the oscillator, and
1s the clock counter circuit which outputs a signal for
changing the oscillation frequency of the oscillator
from a high frequency to a low frequency to the
oscillator, whenever the count reaches a predetermined

threshold.
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14. The stabilized power unit as set forth in claim 1,
wherein:

the switching means includes not less than one first switch

for connecting a path for charging the voltage-

Increasing capacitor in the charge period and for cutting,
oif the path for charging the voltage-increasing capaci-
tor 1n the voltage-increasing period, and not less than
one second switch for cutting off a path for charging the
output capacitor 1n the charge period and for connect-
ing the path for charging the output capacitor in the

voltage-increasing period,;

at least one of the first switch and the second switch 1s a
field-effect transistor; and

the soft start means controls the switching means to carry
out the switching operation so as to exercise channel
resistance control for decreasing channel resistance
with time when at least one field-effect transistor 1s
conducting, so as to prevent a rush current from flowing,
into the output capacitor at the start-up.

15. The stabilized power unit as set forth i claim 14,

wherein:

at least one of the second switches 1s constituted by a
field-effect transistor.
16. The stabilized power unit as set forth 1 claim 14,
wherein:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means controls the switching means to carry
out the switching operation so as to exercise the chan-
nel resistance control at the start-up, based on the
charge amount of the capacitor.
17. The stabilized power unit as set forth i claim 16,
wherein:

the charge amount changing means includes resistors and
a constant voltage circuit.
18. The stabilized power unit as set forth i claim 14,
wherein:

the stabilized power unit includes switching signal gen-
cration means for generating a switching signal con-
stituted by a pulse corresponding to the switching
operation;

the soft start means includes counting means for counting

the number of pulses of the switching signal generated
by the switching signal generation means; and

the soft start means detects a passage of time by counting,
the number of the pulses by the counting means at the
start-up, and controls the switching means to carry out
the switching operation so as to exercise the channel
resistance control, based on a detection result of the
passage of time.

19. The stabilized power unit as set forth in claim 1,

wherein:

the switching means includes (a) output voltage detection
means for detecting the output voltage, (b) reference
voltage generation means for generating a reference
voltage so as to be voltage-adjustable, and (c) com-
parison means which compares a detected value of the
output voltage detected by the output voltage detection
means with the reference voltage, and controls the
switching means to stop the switching operation 1n a
condition that a charge from the voltage-increasing
capacitor to the output capacitor 1s not carried out when
the detected value becomes not less than the reference
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voltage during the switching operation, or controls the
switching means to carry out the switching operation
when the detected value decreases by a predetermined
value while the switching operation is stopped; and

the soft start means controls the reference voltage gen-
eration means to increase the reference voltage to a
predetermined value so as to prevent a rush current
from flowing mto the voltage-increasing capacitor at
the start-up.
20. The stabilized power unit as set forth in claim 19,
wherein:

the stabilized power unit has a chip structure.
21. The stabilized power unit as set forth in claim 19,
wherein:

the soft start means includes a capacitor and charge
amount changing means for increasing or decreasing a
charge amount of the capacitor with time at the start-up;
and

the soft start means controls the reference voltage gen-
eration means to increase the reference voltage to the
predetermined value at the start-up, based on the charge
amount of the capacitor.
22. The stabilized power unit as set forth i claim 21,
wherein:

the charge amount changing means 1s made up of resistors
and a constant voltage circuit.
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23. A method for starting up a stabilized power unit which
includes:

an voltage-increasing capacitor which 1s charged based on
an 1put voltage and whose voltage 1s increased after
being charged;

switching means for carrying out switching operation to
alternately switch a charge period and a voltage-

increasing period of the voltage-increasing capacitor;
and

an output capacitor which outputs a charged voltage
obtained by being charged utilizing a voltage-
increasing potential of the voltage-increasing capacitor
in the voltage-increasing period, as an output voltage,

wherein:
the charged voltage 1s stabilized within a range of the
output voltage 1 steady state through a plurality of
the voltage-increasing periods after a start-up 1s
started,

said method comprising the step of:
carrying out the switching operation so that the charged
voltage always becomes not more than the output
voltage 1n the steady state, at the start-up from when
the start-up 1s started until when the charged voltage
1s stabilized within the range of the output voltage 1n
the steady state.
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